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Abstract 
This paper describes a concept of “integrated planning” as applied by AECOM Jakarta, and discusses its advantage over the 
traditional planning method. Through the examination of series of planning evaluation framework with shared integrated 
planning idea, it proposes a more practical and integrated planning evaluation framework method as an integrated planning 
platform that can guide the planning and design process for a true sustainable solution. The Light Sustainable Systems Integration 
Model Framework (Light SSIM) calculates Key Performance Indicators (KPIs) using programmatic and spatial patterns (urban 
form) of the plan alternatives. These KPIs are then presented in a decision matrix that allows stakeholders to prioritize 
performance factors and select a preferred plan based on a rational, quantifiable, and transparent decision process. This becomes 
master plan tools for urban design sustainability assessment which is being applied in Indonesia by AECOM Jakarta.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Low carbon, ecological, and livable have become key words and principles in today’s urban planning and design 
practices. Low carbon can be seen as the result of the wake-up call from global warming threats. Ecological 
environment is agreed to be the key elements for a city to thrive. While livable is a fundamental function of a city as 
a place for people to live. As basic as it sounds, planners are still exploring ways to effectively and truly integrate 
those principles into real plan alternatives. This is a challenging question that urban designers and planners are faced 
with in evaluating different schemes.  
The integrated design and planning is a breakthrough methodology over the traditional design process. While 
traditional urban design is focused on urban form, space, and built environment, the integrated design and planning 
approach views the urban form as the platform (a carrier) for resources, environment, ecology and economy, which 
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shall be optimized and evaluated to maximize the sustainability potential economically, socially and 
environmentally.  Sustainable Systems Integrated Model (SSIM) an integrated land planning tool that optimizes 
sustainable development programs in terms of project goals and provides environmental performance and cost 
analysis as a validation method. Organized around core themes of energy, water, transportation, socio-economic and 
ecology, this process is designed to optimize aspects of economic, social, and environmental health (see Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Core elements in sustainable system; (b) SSIM approach works at various scales. 
By modeling sustainability performance and costs of various programmatic measures at the community scale, 
SSIM is a powerful process and tool to construct a sound, defensible and cost effective whole systems sustainability 
program. SSIM is applicable to a variety of project types over a wide range of scales such as Greenfield projects, 
existing communities, and Brownfield. 
SSIM is tailored to the specific requirements of each project. The typical application involves three stages (see 
Figure 2): 
x Stage 1: alternative master plans are analyzed and compared to identify the Preferred Master Plan. 
x Stage 2: differing scenarios for the project systems (water, energy, transport, etc.) are developed and 
assessed in a cost/benefits analysis. 
x Stage 3: these systems are assembled into different combinations and analyzed to establish the master 
Sustainability Program, which specifies the system sustainability measures and associated costs for project 
implementation. 
 
Fig. 2. An Integrated Master planning Approach. 
2. Why SSIM 
SSIM came about as part of EDAW’s (a US based legacy planning and design company of AECOM) initiative in 
responding to the requirement of USA’s California environmental law that require any developers in California to 
a b 
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submit their carbon emission plan while doing their development application. In 2012, Governor Arnold 
Schwarzenegger pass the carbon emission a that stipulates a 25 percent reduction in California state’s CO2 
emissions by 2020 (BBC which consequently result in the requirement for all key development in California to 
quantify their impact of their development and make commitment to reduce it from their business as usual.  
The California Carbon Emission law itself is one of respond to the larger effort of climate change initiatives 
under the Kyoto Protocol and Copenhagen Treaty which aims to reduce the increased carbon emission caused by 
concentrations of greenhouse gasses (GHG) di-atmosphere, particularly in the form of carbon dioxide (CO2), 
methane (CH4), and nitrous oxide (N2O). To reduce the carbon emission, a more quantitative approach such as 
environmental auditing and carbon reduction calculation (Lewis, Linda, 2000),   
 There has been strong direction on translating these initiatives into a form of a quantitative tool that aim to be 
management tools, information-based instrument for decision makers in regulating development process in built 
environment. For China case, Huang (2011) suggested to use the information technology tools for the 
implementation of cost and time efficiency advantages and put forward several recommendations for China's 
environmental auditing future development in order to its better play in energy conservation and emission reduction.  
Indonesia is committed to reducing greenhouse gas emissions by 26 percent from business as usual levels by 
2020. Uses of numbers in measuring sustainable act encourage planner and or urban designer to create a 
measurement program of quantifying the number of greenhouse gas expenses on land use plans. Land use planning 
plays a significant role in national, regional, and local government activities to both mitigate greenhouse gases 
(GHGs) and adapt to a changing climate. Many of the key strategies for coping with climate change are linked to 
land use planning: 
x Growth of vehicle-related GHG emissions is influenced by transportation infrastructure 
x Compact development protects ecologically valuable open space and requires less energy and materials to 
build and operate 
x Reducing GHG emissions from deforestation requires policies to protect woodlands and other valuable 
carbon sinks 
x Land use planning is critical in enabling communities to adapt to sea level rise, more frequent extreme 
weather conditions, and other climate-related hazards 
3. SSIM Concept 
SSIM is a GIS-based land use spatial planning tool that quantifies and compares a range of sustainability and 
climate change parameters for a master plan and evaluates the sustainability merits of alternative urban form 
solutions. SSIM creates a model for the complete construction of a new community, from the overall plan of streets 
and open spaces, major systems such as the public transport network, water and energy resources and performance 
of utilities and infrastructure. In summary SSIM: 
x Identifies the most sustainable master plan amongst several alternative options. 
x Creates a set of sustainability initiatives that can be tested against desired outcomes and design standards at a 
master plan, infrastructure, buildings and public realm scale. 
x Enables effective decision making through the generation of quantitative and qualitative outputs which detail 
key performance parameters such as reductions in greenhouse gas emissions and energy and water 
consumption 
x Provides initial, recurring and life-cycle cost data and cost-benefit analysis for alternative sustainable 
planning and design strategies 
x Allocates costs and savings to various cost “centers” (government, developer, end-user, etc.)  
 
The model is used to demonstrate these more sustainable outcomes for projects are based on a range of Key 
Performance Indicators (KPIs) including: 
x Development performance: population, dwellings, jobs, densities 
x Ecological performance: conservation, regeneration, quantity of open spaces, habitat connectivity  
x Access and spatial distribution: open spaces, retail, services, public transport, jobs, travel distance 
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x Resource use: energy, water, fuels 
x Waste output: carbon emissions, water pollutants, solid waste 
 
Fig 3. SSIM Framework. 
 
Fig. 4. SSIM Framework Assessment Process. 
3.1. Stage 1: Master Plan Evaluation 
SSIM Stage 1 compares the sustainability performance of individual or multiple master plan options. This is 
undertaken during initial concept plan development and includes the following steps:  
x Sustainability  goals and targets are agreed for the project in a workshop with the client, key stakeholders 
and project team 
x Customizable Key Performance Indicators (KPI’s) such as access to transport, access to open space, energy 
consumption, water consumption etc., are selected for analysis. These can be aligned to rating tools, 
government requirements or  corporate policies 
x Data for the site and region are assembled, and benchmarks calibrated against elements such as energy, 
water, and transport 
x Geographic Information Systems (GIS) are used to assess each and quantify the integrated economic, social 
and environmental sustainability performance alternative options  
x KPI results are mapped graphically and reported numerically in a plan to facilitate effective communication 
and decision-making  
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x Where multiple land use options are analyzed, the KPI results are compared, and the preferred plan is 
identified and carried forward as the preferred Master Plan 
3.2. Customizing KPI System 
Measurements and evaluation of sustainability are increasingly important for urban developments. To evaluate 
conditions of a large system, program, or city, indicators are commonly defined; such indicators are “pulses,” 
providing a glimpse of a community’s health. Indicators for smart and sustainable cities reflect the visions, values 
and qualities for sustainability, and these indicators are tools used to steer planning and construction in accordance 
with such a comprehensive vision. From these indicators, key performance indicators (KPI) are selected based on 
priority objectives. These KPIs include criteria for evaluating spatial performance of sustainable planning and reflect 
holistic and integrated planning of smart and sustainable strategies. 
There are many indicators that have been developed to measure and evaluate the sustainability, livability, and 
smartness of cities. These indicators vary across projects and concepts, depending on the systems they are designed 
to monitor, the objectives they are chosen to support, and the users who will make decisions based on the evaluation 
results. The key indicators identified will need to be: value-driven, measurable, defensible, comparable, 
performance-driven, and policy relevant. 
 
 
Fig. 5. KPIs in SSIM. 
4. SSIM Implementation : Master Plan Evaluation (Case Study: Gedebage) 
4.1. Planning Process 
Traditional urban planning typically starts with the development vision, and development program informed by 
the project financial feasibility study has the most influence in determining scale of the project, and the design and 
planning is to “layout” the physical form the development. This simplified description of traditional planning and 
design process does not try to discount the other typical feasibility/impact study such as environment impact, 
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transportation, and infrastructure study. However in most cases such evaluation process is passive, linear, and costly. 
The integrated design process tries to establish a more balanced and collaborative way to design by bringing in 
various non-design evaluation and ideas at the early stage of the process and interact with each other throughout the 
process. 
Table 1. Comparison of Traditional Design and Integrated Design  
 Traditional Design Process Integrated Design Process 
Design Efficiency Lengthy review process, and 
multiple revisions 
Interactive design evolution 
process, instant feedback for 
optimization 
Design Creativity Urban form driven, place 
making focus 
Interaction with various urban 
system, fueled with unique 
innovation 
Decision Making Single lens, design merit-driven Multiple urban systems, a 
broader way to assess 
alternative 
Implementation Might require significant design 
change as moving to 
implementation 
Implementation driven 
 
SSIM has an integrated multi-discipline approach that calculated by multi programs such as GIS, CAD, and 
Excel. This modern approach can specifically create a number as a result of the master plan review. In general, 
design/planning process follows a set of steps approximating that shown in Figure 6.  
 
Fig. 6. (a) Traditional Planning Process; (b) Integrated Planning Process. 
Introducing SSIM as a tool to help decision-makers evaluate and choose between the myriad of available 
alternatives. The result of SSIM generates the most suitable option which can have a reverse impact to the 
planning/design step in order to get a preferable option as a final plan. 
4.2. Gedebage Case Study 
Gedebage is one of the largest land banks located in South East side of Bandung. With nearly 800 Ha land 
bounded by Jalan Soekarno Hatta and Purbaleunyi Toll Road on north and south side part of the site, the land is 
predominantly occupied by paddy fields with several existing settlements spread across the site.  
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AECOM introduced a ‘lighter’ version of SSIM to calculate master plan option in this project in order to arrive at 
the most sustainable layout option. Light version, in this case, means the Stage 1 level only which deals more on 
spatial analysis using several key KPI. Four options were explored with key differentiation in approach and 
preference following the various aspects of urban design such as lake/waterway, axis, a road system, park and open 
space design, etc.  
Table 2. Comparison of Master Plan Options  
 Option 1 Option 2 Option 3 Option 4 
  
 
 
 
 
 
 
 
 
 
 
   
Open Space & 
Water Body 
Distribution 
Water body is organized 
around the center. Still  
follow the Government plan 
Water body start to get 
distributed into a series of 
lake to provide more 
catchment areas. 
West lake and park organize 
around the commercial core. 
Water bodies are more 
distributed. 
Cross spine connecting 
the two water bodies as 
an integrated water 
system. 
Urban 
Structure 
Distinction between block 
system (north) and 
residential cluster (south). 
Introduce strong North-
South Axis with a 
commercial core at the 
center. Grid oriented plan. 
Introduce multiple axes are 
allowing series of vistas.  Mix 
of urban block and residential 
cluster. 
Commercial core pushed 
to the south. Angled grid 
system. 
Residential 
Attitude 
Distinction between 
commercial and suburban 
residential 
Medium density residential 
in form of grid/blocks.  
Mix between the urban block, 
medium density residential and 
low density. 
Medium density 
residential is in the form 
of grid/blocks.  
 
After all the four sketches are generated (see Table 2), we input them in CAD based and turn it into GIS format. 
With the GIS tools, we analyze the plan using five KPIs as follows:  
x Socio-Economic 
In this study, we only use small sample of Socio-economic KPI as initial indication of socio-economic 
performance such as number of population, density and job creation. The objective of this is to measure 
number of people generated by the master plan and how the land use pattern effect the distribution of density 
and generation of job  in the plan. The desired result is to have more concentrated density around job which 
enables the resident to be closer to the working, which will result in less reliance to vehicle use.  
According to the result in Table 3, Option 2 has the highest score which indicate most desirable pattern for 
distribution of density and employment-related land uses.  
x Ecology 
For Ecology, the KPI is based on the percentage of parks to the total planning area and spatial distribution of 
parks in the plan. The objective of this KPI is to determine which spatial pattern between the four options has 
the most optimum park which is accessible by the residents.  As the analysis still at the preliminary level (or 
light version), we did not elaborate or differentiate further the quality or performance of such parks or 
linkages to them. The KPI is strictly built around the spatial arrangement and quantitative measures related 
to it. 
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Table 3. Socio-Economic Assessment 
KPIs 
Number of Person Number of person/ha Number of Jobs  
  
 
Option Number of 
Persons 
Performance Option Number of 
Persons/Ha 
Performance Option Number of 
Jobs 
Performance 
1 29,086 Better 1 60.83 Better 1 175,104 Better 
2 30,973 Best 2 64.77 Best 2 178,892 Best 
3 30,214 Better 3 63.19 Better 3 166,947 Better 
4 28,903 Good 4 60.44 Good 4 132,782 Good 
 
While Option 1 has the highest percentage of park per total planning area, option 2 and 4 performs a better 
distribution pattern to Metropolitan Park (option 2) and District Park (option 4).  
x Accessibility to Retail/Amenity 
This KPI explores the accessibility to the commercial and amenities such as Commercial Big Box, Retail and 
Shop houses. The more desirable plan will have more access to various retail categories. This KPI is planned 
based on the relative distance to the retail facility, not taking into account the options of path or way to get 
there.  
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Table 4. Ecology Assessment 
KPIs 
% Open Space Access to Metropolitan Park Access to District Park 
 
 
  
Option Percentage Performance Option Percentage of 
Residents 
Performance Option Percentage of 
Residents 
Performance 
1 23.7 Best  1 56 Better 1 33 Good 
2 23.4 Better 2 74 Best 2 80 Better 
3 20.3 Good 3 51 Good 3 54 Better 
4 23.1 Better 4 63 Better 4 96 Best 
 
Table 5. Accessibility Assessment 
KPIs 
Access to Commercial Big Box Access to Commercial Retail Access to Commercial Shophouse 
   
Opt
ion 
Percentage 
of Residents 
Performance Option Percentage of 
Residents 
Performance Optio
n 
Percentage of 
Residents 
Performance 
1 25.0 Better 1 55.0 Better 1 49.8 Better 
2 34.1 Better 2 51.1 Good 2 23.9 Good 
3 20.4 Good 3 64.9 Best 3 56.8 Best 
4 34.3 Best 4 57.7 Better 4 49.2 Better 
 
Based on the result in Table 5, Option 4 performs best in access to Big Box Commercial and Option 3 performs 
best in accessibility to both Commercial Retail and Shop houses.   
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x Transportation 
Transportation KPI explores the transportation pattern and easy of walking to key public transport. The 
preferred plan is the one that more intersection (which in turn will result in shorter walking distance between 
block) and better road or block system that allow higher access to public transport.  The goal is to have a 
more walking friendly master plan that reduce the reliance to vehicle/car usage, which will result in a 
significant reduction in CO2 emission. 
Table 6. Transportation Assessment 
KPIs 
Number of Intersection Access to Public Transport (Bus Stop) Access to Bus Stop 
   
Option Number of 
Intersection 
Performance Option Number of 
Bus Stop 
Performance Option Percentage of 
Residents 
Performance 
1 106 Good 1 12 Better 1 98.51 Good 
2 165 Better 2 12 Better 2 98.83 Better 
3 210 Best 3 12 Better 3 99.60 Better 
4 141 Better 4 13 Best 4 100.00 Best 
 
The result of the analysis in Table 6 demonstrates that Option 3 is very superior in number of intersection, 
allowing more walking friendly blocks and option 3 and 4 shows high accessibility to public transit.  
 
x Water Performance 
The water related KPI measures two aspects: Water usage which means the higher the water consumption, 
the less desirable the plan is. Secondly, is the capability of the master plan to cater the water run off / storm 
water which the highest number means better and more desirable. Considering the high likely of flooding in 
Gedebage area, capability to retain water in the plan is extremely important. The goal of this KPI is to 
maximize the capacity to handle water and use it as resources and minimize the consumption of fresh water 
and develop more efficient water system as a resource in a city. 
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Table 7. Water Assessment 
KPIs 
Water Usage Storm Water 
  
Option Total Water 
Use 
Performance Option Litre/Day Performance 
1 4,362,898 Better 1 14,849,416 Better 
2 4,645,962 Good 2 14, 939,630 Better 
3 4,532,172 Better 3 15,113,881 Best 
4 4,335,470 Best 4 14, 799,912 Good 
 
The result of the Table 7 shows Option 3 and 4 have least water consumption and Option 3 performed best in the 
capacity of water retention and capturing run-off.  
5. Summary Assessment 
The result of the assessment shows variety of strengths and weaknesses of each plan. Some perform better 
compared to others in various aspects of the KPI. In summary this is the observation of how each option performs:  
x OPTION 1: In general this option does not result in high performance in various KPIs other than the number 
of Job being created and access to the job. The spatial arrangement of grid at the north and suburban 
residential pattern at the south contribute to the less connectivity and least dense plan. Being closest to the 
original layout (by the RTRW of the Bandung city), one conclusion that we can draw is that the more 
suburban and mono-zone approach of the plan will result in least favorable performance in KPI.  
x OPTION 2: This option has a distinctive performance of highest population density and job creation. The 
very urban nature of the plan combined with the continuous North-South Axis urban walkway proves to 
increase the accessibility to the parks. This demonstrates a better improvement compared to Option 1, 
however, it is still not perform very well in Access to commercial and water related KPIs.  
x OPTION 3: One of the highest performing plan especially in the area of Commercial Accessibility, Public 
Transport, and Water related KPIs. The well-distributed nature of park and water combined with the 
balanced the approach of urban block and mid-density residential result in far better performance compared 
to Option 1 and 2.  
x OPTION 4: Although being one of the least performing socio-economic KPI, this option scores well in the 
accessibility to the park, probably due to the well distribution of the connector park system. Another good 
score also in the area of transportation which demonstrate the superior public transport network planning.  
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Table 8. Summary Assessment 
No Key Performance Indicator OPT 1 OPT 2 OPT 3 OPT 4   
1.0 Socio Economic            
1.1 Number of Resident  29,086   30,973   30,214   28,903   Person  
1.2 Population Density  60.83   64.77   63.19   62.41   Person/Ha  
1.3 Number of  Job  175,104   178,892   166,947   132,782   Jobs  
2.0 Ecology            
2.1 % Open Space 24% 23% 20% 23% % Ha 
2.2 Access to Metropolitan Park 58% 74% 52% 62% % Resident 
2.3 Access to District Park 33% 80% 54% 96% % Resident 
2.4 Access to Community Park 99% 84% 99% 71% % Resident 
2.5 Total of water's edge  10,960.96   9,142.21   11,080.30   10,003.08   meter  
3.0 Spatial Access Distribution           
3.1 Access to Commercial Big box 25% 34% 20% 34% % Resident 
3.2 Access to Commercial Retail 55% 51% 65% 58% % Resident 
3.3 Access to Commercial Shop house 50% 24% 57% 49% % Resident 
3.4 Access to Public Amenity  35% 28% 71% 29% % Resident 
3.5 Access to Health Care 38% 46% 43% 35% % Resident 
3.6 Access to Public Amenity School 33% 20% 29% 16% % Resident 
4.0 Transportation           
4.1 Number of intersection  106   165   210   141   point  
4.2 Access to Bus transit 98.51% 98.83% 99.60% 100.00% % Resident 
4.3 Access to Train station 40.27% 37.87% 33.74% 43.89% % Resident 
4.4 
% jobs walk able from transit 
(jobs) 87.96% 88.30% 85.41% 86.97% % Jobs 
5.0 Water           
5.1 Water use   4,362,898   4,645,962   4,532,172   4,335,470   L/day  
5.2 Run off 14,849,416  14,939,630   15,113,881  14,799,912  L/day  
 
a b c 
 
 
 
 
 
 
 
 
 
d 
Fig. 7. (a) option 1; (b) option 2; (c) option 3; (d) option 4. 
Best features of all four options: 
x More distributed water and green network 
x More robust urban block/grid system combined with multiple axes 
x Commercial core in the centralized location 
x Balanced proportion of mixed use and medium density residential 
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Fig. 8. Conclusion Master Plan. 
The SSIM Light process helped the team to determine the strength and weaknesses of each option and understand 
the determining factors that contribute to them. By learning this, the team was able to create final master plan that 
incorporates the best elements of each option with the hope that the master plan will perform best.  
6. Conclusion 
SSIM is a GIS-based land-use spatial planning tool that quantifies and compares sustainability and climate 
change parameters and also evaluates the sustainability merits of alternative urban form solutions. SSIM calculates 
Key Performance Indicators (KPIs) using programmatic and spatial patterns (urban form) of the plan alternatives. 
These KPIs are then presented in a decision matrix that allows stakeholders to prioritize performance factors and 
select a preferred plan based on a rational, quantifiable, and transparent decision process.  
SSIM used as an objective tool to reviewed master plan options. As a result, using SSIM through the examination 
of series of planning evaluation framework with shared integrated planning idea, it proposes a more practical and 
integrated planning evaluation framework method as an integrated planning platform that can guide the planning and 
design process for a true sustainable solution. 
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